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£l (57) Abstract: A film frame for an lOL has been developed which has the advantages of being lightweight, non-imtatmg. easily 
95 urgically implanted, aesthetically pleasing, and containing plate haptics. This lOL works in the anterior or P°;^^"°^. 

the eye for phakic or aphakic lenses and especially in the anterior chamber for phakic refractive lenses where thmner is better and 
® long tennsLlity is required. TWsdeformablelOLframeisahapticsystembasedonahighmoduk 

O frame or plate haptic assembled with low modulus softer elastomeric hinged .ones. The rigid frame or haptic in "^"^^maU^^^^^^ 
> the soft hinges will ensuie that the lens is ideally situated in the anterior chamber angle of the eye. Additionally, the soft elastomer 
1^ can be extended to provide for a softer atraumatic contact point or 'toe' in the eye tissue. 
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PHAKiC INTRAOCUUR LEMS (lOL) FILM FRAME 

FIFinnFTHE IMVENTIOW 

The present invention generally relates to a deformable lOL haptic system. More specificaily, the present 
invention relates to an iOL incorporatino a high modulus shaped skeletal frame assembled with low modulus soft 
hinged zones. 

RflCKGROUMDflFTHEIWVEMTION 
The history of intraocular lenses (lOLs) is a long and varied one. Intraocular lenses can be used to treat a 
uride diversity of eye conditions ranging from cataracts to any type of eyesight correction. In addition. lOLs can be 
used to replace an irreversibly damaged lens in the eye - aphakic eyes. Alternatively, the lenses can be used in addition 
to the natural lens to correct the vision • phakic eyes. These lenses can be placed in the anterior or posterior 
chanbersoftheeye. 

Early 101 researchers were plagued with problems associated with the materials which were obtainable to 
them at the time (early 1850's| making the lenses too heavy and too large. Surgery of the eye was in its infancy and 
therefore there were many probtems whh the surgical procedures. Since that time the quality, size and weight of the 
optics as weD as microsurgical procedures have dramatically improved. 

The earliest lOL's were placed in the anterior chamber of the eye, this being the easiest chamber to get to. 
Along with the early problene with the optics and surgical techniques, placement of a lens in the anterior chamber 
proved difficult because the anterior chamber is narrow (about 1 .5 to 2.5 mm). 

Because of the narrow chamber, an IOL can easily come in comact with the corneal endothelial layer, in 
which case the nondividing cells may be damaged. If enough damage occurs there may be scarring to the cornea which 
affects eyesight and can cause 'dark zones'. In addition, the two areas available for fixation (i.e., mechanical support) 
of the lOLs in the anterior chamber created new problems. The first location for attachment is the iris. However, with 
such attachment, and since it is necessary to allow for the rather considerable movement and patency of the iris, 
obstructions could result in uveitis and glaucoma. 

The second location is the angle between the cornea and the iris. Angle supported anterior chamber lOU 
took advantage of the anterior chamber angle to support and fix the IOL in place. By angling the IOL into opposite 
sides of the anterior chamber, the natural angle was used to keep the IOL from moving. However, early tenses 
experienced marked problems with endothelial loss due to chafing against the early thick lenses. Uter lenses were 
able to reduce the significance of this problem, but stiB retained problems associated with placement of the IOL in the 
chamber angle. The biological properties of that angle make it a very sensitive area. The structures associated with 
equalizing the internal pressure of the eye are located in that area. Additionally, the tissue in the area is easily irritated 
and irritation kiitiates a growth of fibrous tissue, called synechiae. The IOL fixation must be gentte in order to reduce 
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. -H *hn«,ii« moveable. This compromise is difficult to obtain. In addition, 
taptics are the part of the lOL that comes .n contact «rth the eye ts 

As suraical procedures have developed, there IS a trend toward reducmgtnes 

,,.;:3:ilndoesnotusual...su.esf^^^ 
s,ower.andmavprovideforaslowereperationthenifan»,c^onoflessthan3n«..sused.H 

cannot be inserted into a very small incision, as smaB as 1 mm. 
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«i,,tiritv of about 100 000 to about 500,000 psi. even more prrferablv about 340,000 psi ana na 

|„oneembod«nem, Ttef™„8 may have a hinge to allow folding oi the intraocular 

lens is attached to the haptic frame using a bridge. 

E?3=."r-=.r=:r.r.==; 


molding. 
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u.- «„,a«HnfnslatWBlv lower modulus material. This can be reteneoiu 

,j:r:.r-r:rr« 

hi,^ line to reduce pressure against the angle. 

nniffpccrPiPTinMOFTHEDBMlMES 
, , . 3lmp.l«e- repres^» . ^ — P.*. of *e e. an enter. m 

'""r2Bls»en,argedplanvlewofthehingereglonlnaccordancewlththe.^^^^^^^^^ 
::ren:e.....ehlnge.^^^^^^^^^^^^ 

20 allowfoltfrngof thelOLduringinsertionintheeye HG. 3B .s 

™^ . KH^ontnf the lOL in whi* the haptics are separate Irom the 

FIG 4A is a plan view of an alternative embodiment of the lOL 
frameandbondedontotheoutsideoftheframe. „^ ,„ ^-.^ ^ haptics are sepanrte from the 

FIG. 4B is a plan view of an alternative embodiment oi me 

25 frame. n 
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tin which the hinge region is not broken, but is sculpted to 
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RG. 8B is a side view of e preietred embodiment 
be so thin that it hos elastic quelfties, 
FIG.8C 
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^ u iin nf the lOL 10 extends radiallv 
. * nrocedure set out above. The haptK 110 ot the m 
chamber16or18and may be used for e.ther procedure 

outwardlyinthageneralplaneoftheoptiom^ 

Wthrefer8ncenowtoF.Buros2A.2C,tholOLa B ci„„™2A and Bare plan views of the film 

35 5,589,024, heroin incorporated by reference, ma 
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340.000 psi (using test method D 638 of the ASTlv.) ^^e polymer 

0 mt««i«i«.W«»™'"""'""°' tint fil"l»|i« «««*«•»*• 

^ i, *„nt 191 to fit into the antenor chamber angie i" 
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. . * f.«t 121 bv a notched or thinned region 123, which teniporarily supports the 
end of the loop 126 is attached to the foot 121 by a noxcneo 

loop 126 in place during fabrication. ^^^^ .^^ ^ high 

Altemathieemhodimorts are shown m figures 3A-B in which tneninge 

Alternative emoQ also he included. Further alternatwe embodiments for 

modulus n«t«ial. A— veattad«»nt apertures 245 ca also h n 

These regions may be flexed and broken at the score yield „ ^^ow a notched or 

thinned regionl23 at one end of the loop or Slot u, ^ „^„3„j„, the loop or slot 126, 

. r CI onrf uhnuu an indented notched or thinned region 123 at the oiner 61 ugi 
fabrication. Figures 51 and J show an inoeme . „ ,„rt i .how a loop 126 foraied such 
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TtelM 320 a . ,w,~f,rtlo»!3M.>l«l3O2..«H»Ps301 

320. m,..,350«.,aU.-,*.«.-«"»-««*- »a«„. 

35 ^^*.«.300»««*.^«"»"°"*""-'*"**"" 
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402andabrHlB8 403.Thefoot450compnsasaslot404« .c p 33 above in 

EXAMPLE 1 

Making the film framelhaptic of the pieferrad embodiment. 
T,ep™cessfo,ma«„otbe«mfra.e110efr^re2A.w».n.wbedescnbe. 

■ L , u„„« imEL-R 5000 (0.002 inch) was acquired as an extrudeo nm w 

L- « p.intiirinn was bvniultip e bending of the hinge umiuiw^ 
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EXAMPLE 2 
Coirjpression testing 

^asured. Displacement compassion forces a,e for a 0.010 ,nch HW^rt 
,,anceacrosstheframTheforce.r«asuran«ntssho«™are.™-l.^^ 

Table l-.Con^ression testing 
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.25% less force 


'^'^"r tin 

original position, slwwino it has good memorv. It is envis 
«duc8thoseforcesbvasn.uchasabout75%asneeded. 

beusedinaphakicoraphakiceve. ^^^^ ^„„^„ in ,he art. 

Althougninp .to lens could also be implanted in the posterior chamber. 

an8les,itcanbeenv.su.nedthatthBlenscouiaaBO nv s^rilized by a variety of 

Add..na.M^c»*'™«-»^^«"^'^"--:".'^^^^^;^^^ 
3ta„dardmethodss«*asethy.eneo.de(ETO)orsteamautocia.ng.250 Forany 

lenswillshowlongt^mbiocompatablitvarrfhvdrolyticstaMlity. 


PCT/USOl/14964 

WO 01/87189 
fonowing daims: 


-13- 


wo 01/87189 


PCTAJSOl/14964 


10 


15 


WHAUR CLAIMED IS: 

1 . An intraocular lens llOL) comprising: 

an optic; and 
a haptic comprising: 

a pair of relatively more rigid els.«nts lormed of relatively hiflher ™d«h« metenal. sa.d 
oairof n^lativelvtnoreriQideiementsseparatedfromoneanotheratadiscontinulty^ 
pair ot reiaiiveiY muiB y . , . ,»|.,iveiv lower modulus material bndginfl said 

a relatively less rigid element formed of relatively rawer ihuuu 

discontinuity. 

2. The intraocular 1«« of Cl«m 1, wherein bridged element a»ows for the relativeW n»re ri^d 
element to be rotationally to fit into the anterior chamber angle. 

3. Hie intraocular lens ef Claim 1 , wher«n rotation of said bridg«l dement causes stretch»,g of the 
lower modulus material on the outside and compressionon the inside of the hinge. 

4. The intraoc^ar lens of Cl«m 1. wherein said intraocular lens comprises four separate rdativdy 
mora rigid eiaments. 

B. Ttoiii1r™iWlmillWmS.wl«rdnsaidpolyl^ 

500,000 psifincti. 
0.01 inches thick. 
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„. Tl»mtraoc«IarlensofClaim1,whareinsaidlowermodulus™^^^^^^ 
theoroupconsistingof: stones, urethane, or hydropWIic acrylics. 

12. ' The irrtraocular l«» of Clam 1. wherein said lower modulus material is about 100 to about 1000 

5 psi. 

13. ThBintraoculariensofClaim1,whereinsaidlawermo.dulusmaterialhasahardnBSsrf^ 


70 A scale, 

10 


15 


,4. TheintraecularlensofClaim1,whereinsaidhighermodulusmaterialis60to95shoreD. 

15. The intraocular lens of Ciahn 11, wherein said lower m.duh>s material is setected from the group 
consisting of: NUSIL MED 6600, 6400, and 8820 and the tke. 

16. TheintraocularlensofClaim1.whe,einsaidrelati.elymoreriflideleme.rtscompri^ 

17. Theintraocular!ensofClahn16.whereinsaidframeandhapticarefom»dfromasinBle™^^^^^^^^ 
uniform piece. 

18. The tatraocular lens of Claim 16, wherein said frame further comprises a rupturabte hmge to allow 


20 

for folding the irtraocular lens 


19. The intraocular lens of Claim 18, wherein said frame further comprises one or more additional 

haptics. 

20. TheintraocutarlensofClaiml.whereinseidhapticfurthercomprisesaslot. 

21. TheintraocUarlensofClaim1,whereinsaidslotisopenononesideofthehinBeandwher^ 
hinge is bendabie at the opening. 

22. The intraocular lens of Claim 20, wherdn saM stot further comprises a groove and wherein said 
hinge is bendabie at said groove. t 

23. The intraocular lens of Cla»n 1, whef«n saW tens and said haptics are fom,ed from a single 
35 materially uniform piece. 
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24. Th9imraocularleiBofClaim1,whereinsaidhapticisbrokenatsaidd-|^^^^^^^ 

25. The inuaocular lens of Claim 1. wherein said optic is selected from the group consisting of a 
refractive lens, or an interference lens. 

26. TheintraocularlensofClaiml.whereinsaidhapticisattachedtosaidopticext^^^^^ 

27. The intraocular lens of Claim 1, wherein said lower modulus material partially or completely covers 


28. The intraocular Ions of Claim 16. wherein said lower modulus material completely cov«s said 

frame. 

29. The intraocular lens of Claim 1 . wherein said lower modulus material is extended toward the tip of 
said haptic to produce a softer contact point for the eye tissue. 

30. The intraocular lens of Claim 1, wherein said lower modulus material is applied by Mface 
treatment and molding. 

31. TheintraocularlensofClaim30,whBreinsaidsurfacetreatmentisacoronaorpl^^^ 

32. TheintraocularlensofClaimai.whereinsaidsurfacetreatmentisonlyforhindingoftheoptic. 

33. The intraocular Ions of Claim 31, wherein said surface treatment is only for binding of the low 
modulus material. 

34. The intraooilar lens of Claim 30. wherein said molding is selected from the gmup consisting of dip 
molding, cast molding, and injection molding. 

35. An intraocular lens frame, comprising: 

two plate haptic elements each comprising: 

a foot region and a toe region both formed of relatively higher modulus material; 

and 
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a hinge connecting said toe region to said foot regions, said hinge formed of 

relatively lower modulus material. 

36. The intraocular lens of cla«n 35 wherein rotation of the Wnge causes stretching of the tower 
modulus naterial on the outside and cornpression on the inside of the h w^ 

37. An intraocular lens comprising: 
an optic; and 

ahapticco.prisingapair of stiff ele™ntsjoin«lbyaflexihleelen«^ 

38. A method for making an intraocular lens haptic. comprising: 
forming a frame; 

coating a location of said frame; and 
breaking said frame at said location. 


39. 


Amethod of mountingalens in the anterior chamber of an eye, comprising: 
supporting said lens onaplatehapticat the angle of said anterior chamber, and 


bending saki haptic atapreferemialKngermeto reduce pressure against said angle. 
40 AmethodofmountinBthetatrao™larlensofCtolh,theamdorchamberofaneye,compr.^^^^ 

supporting said lens on a plate heptic at the angle of said anterior chamber; and 
bending said haptic alapreferential hinge rme to reducepressure against saki angle. 
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(57) Abstract: A film frame for an lOL has been developed which has the advantages of being lightweight, non-irritating, easily 
25 surgically implanted, aesthetically pleasing, and containing plate haptics. This lOL works in the anterior or posterior chamber of 
J5 ihe eye for phakic or aphakic lenses and especially in the anterior chamber for phakic refractive lenses where thinner is better and 
® long-term stability is required. This deformable lOL frame is a haptic system based on a high modulus harder material sha,ped skeletal 
Q frame or plate haptic assembled with low modulus softer elastomeric hinged zones. The rigid frame or haptic in combination with 
>. the soft hinges will ensure that the lens is ideally situated in the anterior chamber angle of the eye. Additionally, the soft elastomer 
!^ can be extended to provide for a softer atraumatic contact point or 'toe' in the eye tissue. 
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